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ABOUT  THE  IHPILOW  OP  OAS  INTO  A  VARIABLE  VOLUME  CYLINDER 

By 

B,  V,  OvayannikoT 


About  tha  Inflow  of  Qiaa  Into  •  Yar labia  YoluM  Cjrlladar 
(0  YtaCAljll  (UZA  Y  TSILIilfi  FBOMNNOaO  OWSMlJi 

Cand.Tech»Ss«  B.YcQrajraimikarr. 

Article  froB  Russian  periodical  Naaehni;ra  Doklady  lysshay  Sbkol]r«NaBhinostr«!fenif 
1  Ariborostrogreniye  No.2,1958(  pp«  6  W71 

Tbis  report  deals  ^  theoretical  in restifatioB  of  the  process  of  fas  flowing 

in  into  a  Tesssl  of  ▼arlabla  Toluaw. 

We  assunetthat  the  air  or  ideal  gai  frost  the  atoosphere  or  infinitely  larger 
Toluns  in  the  absenoe  of  an  intake  suetiot  pipe  line  flows  in  through  the  intake  or 


gan  of  tiSM  Tariable  cross  section  into  a  cylinder  of  rarylng  toIubc  (fig.l)* 


■  ^  r-r///  ■  The  in^flOH  process  is  considered  adiabn 

■  ’  AS  ■'/ 

i  ^  ^  during  the  blending  of 

^  bbe  entered  gas  the  Teloelty  and  theriaal 

G-cm  A///////////. 

i_  - - -  energy  are  unifonaly  distributed  in  for* 

Fig,l«£cheBBtie  for  calculating  the 

inflow  into  a  Tariable  Tolune  cylinder  therosl  energy  orrer  its  entire  nass.  In  ad 
dition  we  assuae  that  at  the  giren  aosMnt  all  paraBeters  of  tha  gas  can  be  cnleuln 
ted  by  forsulas  of  the  stabliahed  conditiaStin  which  should  be  substituted  the  in 
stantanecus  values  of  all  characteristic  ^raiaeters,deterBining  the  state  of  the  ga 
This  assuaption  means, that  into  the  discuision  are  not  introduced  values, ehnrae ter 
izing  the  local  values  and  oscillatory  phsnomena. 

On  the  basis  of  the  first  law  of  theriDodynasdes  we  will  write 

dQ^  =  dI-AVdp,  (1) 

where  dQi^  «  iii^dG-  heat  brought  in  by  the  Ln>flowing  gas  during  the  tiae  dt, 
ia  •  enthalpy  of  1  kg  of  gns  inder  exterior  conditions. 
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da  *  amount  of  gas  flowing  In  dtirit  g  the  tioe  dt» 

dl  «  change  in  enthalpy  of  the  gae  filling  up  the  cylinder  during  the  tipe  d 
V  •  current  Tolume  of  cylinder* 

dp  •  change  in  gas  pressure  in  the  cylinder  during  time  dt«  ^ 

Equation  (1)  is  presented  in  forii  of 

i^dG^d{C^TG)^AVcip.  (2)* 

t  .  .  .  _  _ , 

where  -  specific  heat  of  the  gas, 

T  -  current  temperatitre  ralue  of  tie  gas  in  yessel, 

F  •  amount  of  gpis, situated  at  the  firen  moment  in  the  vessel* 

As  is  known] 

VO  -  -^pv.  4a-f:p%^  ^  \ 


After  substituting  and  differentiation  equation  (2)  will  aoquire  the  form  of 
CpVW^pM(it  =  C^Vdp  +  C^pdV  -ARVdp  ' 

We  will  designate  _  ,  . . . .  ...  ... 


a  =  p,VRT„,  ! 

and  having  divided  both  oarts  of  the  equejtion  into  Cy  dt,  we  will  obtain i 

dp  l  dV  f  . 

+  .  >  (4) 

In  the  supereritioal  zone,  i*e«  at  ^  /  zt+i  \rrr  ^  ^ 


Equation  (4)  at  can  be  easily  reintegrated, considering  p  as  being  de* 

lendant  upon  V  s  f  (t)  and«uslxig  the  rnstbed, employed  in  the  A.Ye*fialter  (794^) 
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imeots  for  aolviog  aguationa  oonearnlng  'fha  outflow  af  gas  fron  a  warlabla  Toluaw 
eylindar. 


Va  rawrita  aquation  (4)  in  form  oft 

Vdp  +  kpdV  —  ka'^rmxfdt  '. '' 


(5) 


:/ 


The  first  pert  of  aquation  (5)  represents  an  absolute  differential  functioa  tj 
proTidad  f  is  a  function  of  t  only.  This  js  not  quite  accurate  .bacaAsa  under  f  is 
necessary  to  understand  an  effactiwe  crosii  aaction.  l.e.f  (||/ •‘coefficient  af 

narrowing  the  cross  section,  f'-geoaiatrici  lly  transient  cross  section  of  the  entry 
organ),  f*  «  ordinarily  depends  upon  the  pressure  drop. the  affect  of  which  is  dis'j 
regarded  in  this  case. 

Ve  select  the  integrating  multiple  It  s  f(V), transforming  the  left  side  of  equ4 
tlon  into  a  total  differential  of  a  certajn  function  t.  For  the  ezistenoa  of  such 
multiple  it  is  necessary  that  there  should  be  equalityt 


^  MV=-I^Mkp 


dV 


'ence  we  will  find 


or 


dV  dM  f  \ 

jr  —  \ I?  ^  J 


By  integrating  the  equation.we  will 
having  multiplied  equation  (3)  by  M 


obtain  M  » 

»  we  will  obtain 


i  dp  +  kpdV .  V"*  -  ‘  =  >  kaif,:^xf  dt(-. 


or 


d{V^p)  =  V'^-'^ka’ii  max 


I' 


Integrating  within  the  iiaitu  of  fl  on  0  to  t  ^  t^ 

Iwhere  0  •  initial  moment  of  time. 

tcr*TlMf  corresponding  to  the  estabLis]paent  of  critical  pressure  drop. 
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w®  will  obtain  t<t„p  /  D 1 

■]vp^  Uvlp,  =  ka^  f  fdt.  (H)  ; 

_  *0  ..  j  1 

Keapiag  in  oiad  that  a  =  wa  |#ill  mke  a  final  concluBioai 

ie cording  to  above  given  formula  (6),  iind  knowing  the  law  of  change  V  «  f(t)  aa 
f  •  f(t),it  is  easy  to  find  the  noraelly  nought  for  dependenea  pBf(t},i.e«  the  indi 
eating  diagrcuB  of  ultra«*critlcal  zone*  In  the  sub^critical  zone,  the  eq.uation  could 
be  generally  integrated.  By  substituting  :\tnction<|r  with  an  approxioate  function 
4^  “  ®  (Pn)  (Balter,  1946)  equation  (4)  can  be  reduced  to  an  equation  of  the 


B  (fc 


Bernoulli  type  and  integrated.But  as  shown  by  investigation,  the  approziante  fuae* 
tion^]^  ean  satisfactorily  replace  the  ac  lual  function ^only  to  p^  0,975,aBd  a 


the  end  of  the  inflowing  process  at  p 


<3*975  the  obtained  error  is  considerable 


Practically  'aore  convenient  is  the  way  of  direct  nunerieal  integration  of  equntiook 
(4),  7or  this  it  is  necessary  to  break 


down  the  tisa  scale  into  sections  /^t.  Tot 

a  piston  engine  the  sections  arc  best  ex-  ^  ¥  it. 

pressed  in  degrees  of  rotation  of  the  sidci 

crafekshaft,  because  the  aagiitude  of  cylin  " 

der  voluae  -  T  and  the  transient  cross 

section  of  the  valve  •  f,are  ordinarily 

given  as  a  function  of  the  angle  of  rota 

tlon  of  the  crankshaft  a(,*.  Issusiing  that  p 

Fig.2, Dependence  p.  upon  the  angle  of  ri 
is  constant  for  the  length  of  the  selec-  tatioa  of  the  crankshaft, 

ted  section, we  calculate  \|)in  accordance  with  the  drop  determined  for  the  end  of  thi 

preceding  Beetion*nie  saloulation,aade  by  such  a  aethod  is  sufficiently  reliable 


.  W5 


aad  does  not  consume  imieh  time* 

Having  written  in  equation  (.5)  the  toIubm  constant  (  TBcoast)(We  will  obtain 
formulas, introduced  la  I93I  by  A.V*KTasnikor» 

Equation  (4)  can  be  used  for  the  case  of  gas  flowing  in  into  a  cylinder  with 
freely  moving  piston.  In  this  ease  equal  ion  (4)  should  be  solved  together  with  the 
equation  describing  the  law  of  motion  of  a  piston  (law  af  iacreasiz^  the  voluns) 
under  the  effect  of  pressure  foroes. 

In  the  role  of  an  example  fig.2«show8  tie 

_EL 

;  dependenee  of  the  pressure  ratio  and 
instantaneous  disbursement  of  the  inflowing 
air  upon  the  angle  of  rotation  of  engine  iihaft, 
obtained  as  result  of  ealeulating  the  pro 
. cess  of  inflowing  inta  the  cylinder  of  a 
piston  engine  at  a  given  law  of  change  in 
volxuM  of  the  cyliiider  and  throu^  sestlaik 

m  150  Wo. 

of  the  outlet  valve  (fig«3)* 

Flg,3«llependence  of  cylinder  volhae  and 
through  section  of  an  outlet  valve  upon  Initial  conditions t 
the  of  rotation  of  a  crankshafts 

gas  pressure  in  cylinder  p°*l»058  kg/ci^ 
pressure  in  the  volusw  from  which  the  air  oomes  p^  ■  2*000  kg/cm^ 
temperature  of  surrounding  aadiua  Tn  ■  38O  abs, revolutions  of  engine  shaft 
n  •  1660  rpn* 

It  is  ealdent  from  flg.2  that  the  Inflow  stops  practically  (  p^  ■0,99)  durias 
rttation  of  the  crankshaft  from  the  upper  dead  position  at  a  90^  turn*  ^le  increase 
and  reduction  in  the  consumption  of  inf lorn  air  is  explained  by  the  cosdrined  effect 
of  the  increaaa  in  through  section  of  the  duet  and  inerease  in  the  voloae  of  the 
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cylinder. 


